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(54) 

(57) Provided is a method of facilitating the manu- 
facture of single crystal substrates of silicon carbide and 
the like even with a large surface area by employ.ng a 
method of dividing a crystal layer or substrate of silicon 
carbide or the like into plate-shape. The first method 
comprises the steps of forming a fracture layer over all 
or at least a portion of one of the principal surfaces of a 
first substrate; forming a second single crystal layer over 
the fracture layer on the first substrate to a thickness 
affording adequate self-sustaining strength; and cutting 
at the fracture layer formed on the first substrate to sep- 
arate the second single crystal layer from the first sub- 
strate and obtain a single crystal substrate. The second 
method comprises the steps of forming an ion ^plan- 
tation layer by implanting ions into all or at least a portion 
of the surface of one of the principal surfaces of a first 
substrate; forming a second single crystal layer on the 
ion-implanted principal surface to a thickness affording 
adequate self-sustaining strength, heating the compos- 
ite substrate obtained to form a void layer by forming 
voids in the ion implantation layer formed on said first 
substrate; and cutting said first substrate at said void 
layer to separate the second single crystal layer from 
the first substrate and obtain a single crystal substrate. 
The third method comprises the steps of forming by an- 
odization a porous layer on all or at least a portion of 
one of the principal surfaces of a first substrate; form.ng 
a second single crystal layer on said porous layer of the 
first substrate to a thickness affording adequate self- 
sustaining strength; and cutting said first substrate at 
said porous layer to separate the second single crystal 
layer from the first substrate and obtain a single crystal 
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[0001] The present invention relates to a method of manufacturing single crystal substrates. More particularfy the 
present .nyent.on relates to a method of manufacturing silicon carbide single crystal substrates useful as single crystal 
substrate for semiconductor materials. The present invention provides a method of manufacturing with high quality 
and at low cost the single crystal substrates employed as electronic materials. 

[0002] In recent years, silicon carbide has attracted attention as a material for use in devices operating at hiqh 
temperature and high-power devices. The method of growing silicon carbide by chemical vapor phase growth method 
on silicon substrates or silicon carbide substrates is widely employed. However, since little silicon carbide of the quality 
required for use as a base substrate is available and its cost is high, the method of forming silicon carbide on a silicon 
carbide substrate lends itself poorly to large-scale production. Further since there are currently almost no large-diam- 
eter silicon carbide substrates available commercially, it is difficult to homoepitaxially grow silicon carbide over larae 
areas. Accordingly, silicon carbide is generally grown on silicon substrates ~ 

However . when forming silicon carbide on a silicon substrate, propagation planar defects (causing voltage 
leaks and electron scattering when the silicon carbide is employed as a semiconductor device material) end up beinq 
incorporated into the silicon carbide, making it difficult to obtain silicon carbide having adequate characteristics as a 
semiconductor material. Further, a.though silicon carbide grown at high temperature can generally be expected to be 
of high quality, the base substrate silicon has a melting point lower than that of silicon carbide. Thus thP nrnwth tem- 
perature ot silicon carbide is limited to the melting point of the silicon substrate or less 

[0004] Under this background, proposed was a method of growing silicon carbide on a silicon substrate in which 

S322?r S mnnin ? l paralle . , in °™ direCti ° n Pr ° Vided l ° 6liminate P ' anar defects P^agating within the silicon 
carbide (Japanese Unexamined Patent Publication (KOKAI) No. 2000-303349). This method causes planar defects to 
collide and be eliminated while growing silicon carbide. The greater the thickness of the silicon carbide, the lower the 
defect densrty ,n the surface that is grown. That is, it suffices to grow the silicon carbide as thick as possible to obtain 
high-qual.ty silicon carbide of low defect density. Silicon carbide obtained by this method may be subsequent* sepa- 
ls 0 ™ emp, ° yed 35 " iS as 3 silicon carbide substrate, or sliced for use as silicon carbide sub- 
[O005] This method yields silicon carbide substrates of large surface area. Homoepitaxial growth may be conducted 
again on the large surface area silicon carbide substrates obtained to increase the cumulative thickness and thus 
el.rn.nate planar defects. Further, in contrast to silicon substrates, there is no limitation that the silicon carbide growth 
temperature must be the melting point of base substrate for growth or less, it is possible to set the silicon carbide 
growth temperature at high temperature, yielding higher quality silicon carbide. Accordingly, it is desirable to slice the 
silicon carbide obtained by this method for use as substrates. 

SSSL ■ T Jf th L C ° f ^ , SiNCOn Ca,tide ° b£ained by Vap ° r Phase 9 rowth method employed for forming silicon 
h T T above - described method is cur ™tly from about 0.5 to 1 mm. One method of slicing silicon carbide of 
about this thickness ,s a cutting method with a diamond wire saw. However, due to the relatively high hardness of 
silicon carbide, there is substantial abrasion of the diamond wire saw, incurring great cost. Further, a cutting allowance 
(machining allowance) of 300 to 500 micrometers becomes necessary in mechanical slicing methods employing blades 
such as diamond wire saws. Unusable portion is excessive large relative to the thickness grown, remarkably compro- 
mising the efficiency of large-quantity production. Further, in practical terms, it is quite difficult to slice a substrate with 
a large surface area, such as 6 inches if the thickness is 1 mm. 

[0007] By the way, known is a method in which smart cutting technology is applied in manufacturing a silicon carbide 
substrate to cut a silicon carbide layer serving as a base of the silicon carbide substrate from the silicon substrate 
(Japanese Unexamined Patent Publication (KOKAI) Heisei No. 1 0-223496). In this method, hydrogen atoms are first 
ion-implanted to the prescribed depth of the silicon carbide layer that has been formed on the silicon substrate after 
which a heat treatment is conducted to form a void layer in the silicon carbide layer. Next, the silicon carbide' layer 
surface ,s adhered to a flat plate, and the silicon carbide layer is divided in two at the void layer. The divided silicon 
carbide layer adhenng to the flat plate is removed from the flat plate and silicon carbide layer is homoepitaxially grown 
on the surface of thesilicon carbide layerthat had been adheredto the flat plate (theopposite surface from that divided 
by the vo.d layer). In this method, prior to conducting homoepitaxial growth, a reinforcement substrate is bonded to 
he silicon carbide layer to strengthen the thin (several micrometer) silicon carbide layer that has been separated from 
he flat plate. The plate used for reinforcement must be separated following homoepitaxial growth. Thus, in this method 
he silicon carbide layerthat has been separated from the thin plate must be bonded to and separated from a rein- 
orcement plate. Further, in the course of separation, some form of cutting is again required. Still further, there are limits 
to the depth to which it is possible to conduct ion implantation to form a void layer in the silicon carbide layer As a 
result, the thickness of the silicon carbide layer obtained by separation at the void layer is limited to about several 
^!hZSr!t' r2 at I maximum acceleration ener 9V- According*, when preparing large surface area silicon carbide 
substrates, rt is difficult, in view of strength, to handle and maintain the silicon carbide layer that is divided at the void 
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drawings. Dresent invention is to provide a method of facilitating the manufacture of 

S^Cesen, Invention relates ,0 a method o, manufacturing a ^M*> 0— — ' **- » 
IJsYhe "first manufacturing method of the present invention") composing the steps ot. 

forming a fracture layer over all or at least a portion of one of the principal sudaoes of a first substrate; 

substrate and obtain a single crystal substrate, 
room The present invention further relates to a method of manufacturing a single crystal substrate (hereinafter 
referred to as Z ' sJcond manufacturing method of the present invention") compns.ng the steps of. 

formingan ion imputation , ay er by implanting ions into a., or at least a portion of the surface of one of the principa, 

surfaces of a first substrate; 

^Co^^ 

obtain a single crystal substrate. 
ro012l Further the present invention relates to a method of manufacturing a single crystal substrates (referred to 
ESe « manufacturing method of the present invention") compns.ng the steps of. 

forming by anodization a porous layer on all or at least a portion of one of the principa. surfaces of a first substrate; 

and obtain a single crystal substrate. 
[0013] The invention is also directed to products obtainable by the disclosed methods and products having the dis- 
S ^ r e ron P r b T b S e«er understood by reference to the following description of embodiments of the in- 
vention taken in conjunction with the accompanying drawings, where.n 

Fig. 1 shows a scheme of Example 1 . 

roots, vz^^tt^xz^tttt™ 

P or,i;rrdC.™ 

Sons i ever all or a, lees. a portion of one of the pnncpel surface d, ^f^, ^ „ guortno 

:orrm\r^i-°- 
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two layers of differing porosity. For example, the porosity of the porous layer near the surface on which the single 
crystal layer is grown may be made 1 to 1 0 percent to maintain surface smoothness and strength (porous layer A), 
and the porosity of the porous layer formed as the fracture layer may be made 30 to 90 percent to achieve low strength 
(porous layer B). Porosity can be controlled by adjusting the current density during anodization. The depth of the porous 
layer can be controlled by means of the oxidation period during anodization. The depth of the porous layer formed by 
anodization may be made 2 to 1 00 micrometers, preferably 50 to 70 micrometers for porous layer A, for example. The 
fracture layer in the form of porous layer B may be formed at a depth of 2 to 150 micrometers, preferably from 50 to 
90 micrometers (with a fracture layer thickness of 0.5 to 50 micrometers, preferably 0.5 to 20 micrometers). 
[001 8] Further, the porosity of the porous layer is denoted by the ratio by volume of voids; the greater the amount of 
voids, the less mechanical strength afforded. It is impossible to directly position the porous layer in the middle of the 
plate, and it is gradually formed from the surface by oxidation in the direction of depth. The longer the oxidation time, 
the deeper the oxidation (porous treatment). When the current density is set high during oxidation, the pore diameter 
increases from that point on. 

[0019] Next, a second single crystal layer is formed over the first substrate on which an ion implantation layer or 
porous layer has been formed. The thickness of the second single crystal layer need only afford adequate self-sus- 
taining strength. What is meant by the second single crystal layer having a thickness affording adequate self-sustaining 
strength is a thickness at which the second single crystal layer does not break when cut and separated from the first 
substrate. For example, this thickness may be equal to or greater than 50 micrometers, preferably equal to or greater 
than 1 00 micrometers, and more preferably, from 1 00 to 500 micrometers. The second single crystal layer maybe, for 
example, a silicon carbide single crystal, and is preferably silicon carbide obtained by epitaxial growth while inheriting 
the crystal orientation of the first substrate. 

[0020] Silicon starting material gases suitable for use in the precipitation of silicon carbide from vapor phase are: 
dichlorosilane (SiH 2 CI 2 ), SiH 4 , SiCI 4: SiHCI 3 , and othersilane compound gases. Starting material carbon gases suitable 
for use are acetylene (C 2 H 2 ), CH 4 , C 2 H 6 , C 3 H 8 , and other hydrocarbon gases. 

[0021] In the first manufacturing method of the present invention, the composite substrate obtained is cut at the 
fracture layer formed on the first substrate to separate the second single crystal layer from the first substrate and obtain 
a single crystal substrate. The single crystal substrate thus obtained consists of a portion of the first substrate that is 
cut from the second single crystal layer. Cutting at the fracture layer may be conducted, for example, by laser, ultrasonic 
waves, wet etching, splitting with a diamond cutter, blowing gas (gas pressure), and water jet (water pressure). 
[0022] In the second manufacturing method of the present invention, the composite substrate obtained is heated to 
form voids in the ion implantation layer formed in the first substrate, forming a void layer. The heating to form voids in 
the ion implantation layer may be conducted, for example, in air or under reduced pressure at a heat treatment tem- 
perature of 400 to 900°C for 1 to 30 minutes. 

[0023] Further, the first substrate is cut at the void layer and the second single crystal layer is separated from the 
first substrate to obtain a single crystal substrate. The single crystal substrate thus obtained consists of a portion of 
the first substrate that is cut from the second single crystal layer. Cutting at the void layer may be conducted, for 
example, by laser cutter, ultrasonic cutter, wet etching, splitting with a diamond cutter, blowing gas (gas pressure) and 
water jet (water pressure). 

[0024] In the third manufacturing method of the present invention, the composite substrate obtained is cut at the 
porous layer in the first substrate to separate the second single crystal layer from the first substrate and obtain a single 
crystal substrate. The single crystal substrate thus obtained consists of a portion of the first substrate that is cut from 
the second single crystal layer. Cutting at the porous layer may be conducted, for example, by laser cutter, ultrasonic 
cutter, wet etching, splitting with a diamond cutter, blowing gas (gas pressure), and water jet (water pressure). 
[0025] According to the first manufacturing method of the present invention, even if the substrate has a large area, 
division can be readily conducted at a boundary in the form of fracture layer formed intentionally. The strength of the 
fracture layer need only allow for ready cleavage while supporting the single crystal substrate that has been grown. 
Since the single crystal layer can be thickly formed (to 200 micrometers, for example) in the layer above the fracture 
layer, the single crystal layer can sustain itself without requiring adhesion to a reinforcement substrate or the like during 
division. When the fracture layer is not required following division, it may be readily removed by grinding or etching. 
Further, the first substrate may be reused following separation, thereby reducing the cost of manufacturing single 
crystal substrates. 

[0026] According to the second manufacturing method of the present invention, a uniform void layer with large area 
is formed by ion implantation at any depth within the substrate in the layer form. Since the void layer formed has 
overwhelmingly weaker strength than other.single crystal layer and substrate, a subsequently formed single crystal 
layer can be readily separated at the ion implantation layer. So long as the subsequently formed single crystal layer 
has a thickness affording adequate strength to be self-sustaining, handling before and after separation is easy. The 
thickness of the growth layer need only afford adequate strength forself-sustenance. The first substrate may be reused 
following separation, thereby reducing the cost of manufacturing single crystal substrates. 
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[00271 Accordingtothethi^ 

to formed by anodization near a base m the ^J^^^Zn the single crystal layer and base substrate, 
thereover. Since the porous layer ^^T^^^^ epitaxial growth is possible is maintained 
they can be separated at th.s layer as boundary. Sme a surface p anodization condi tions can be changed, 

on the outer layer, a porous layer of small ^^ "J" ^ severa| tens of micrometers, permitt.ng 
and a porous layer of large P 0 ^^^^^ **Tr, in the first through third manufacturing methods 

oS^^ 

ration thereby reducing the cost of ^^^^^J^^ n , the first substrate may, for example, 
[0029] "nthefirstthroughthirdr^ 

feeding method, not an alternate »"^' s *~S™^ be e„ epitaxial!, grown wnile inheriting the ctystal orien- 
100311 By employing single crystal silicon calfc.de hat I Has oo P y ^ s ,i e .. pro oess 

Lien o.singlecr,s,a,s»iconca^ ^ exps „ slve p(ocessi * 

single crystal SIC, which was difficult to be slice P'^" , ° „, ouHi „ a || 0 „snce. fracture layers 

diamond wire saw because wire saw was worn. o( „ ir e saw is much less than when 

With weak strength ma, be cut wltf , diamond ™J»^%^£2L«I irrespecfcve of the crystalline pol,- 

, £o3r-,en,ion*,he^ 

alkali to render the ^^^^^S^'^^ '^ «•«*> as ,he seC ° nd S ' ng ' e T'" 
^pTeT^ 

Uhichoneofthepnncipalsunaces^^^ 

m A substrate ch *ee, are p,ura, ^.^^^^TS^K 

which the silicon carbide precipitates. These ,. 9 ,„ 54.7-. Further, in the cross- 

whlcb the silicon carbide precipitates. These £ 54 . 7 ? p, e substrate is silicon 

wnich ere silicon cerbide precipitates. These <**»^^££X£-I' to 64.7- The substrate is silicon 

55 

area of the substrate surface does not exceed 3 1 perce h substrate surface upon 
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1 ,000 nm. The inclined surfaces of the undulations have slopes ranging from 1 » to 54.7°. The substrate is hexagonal 
silicon carbide, and the normal axis of the surface is the [1,1,-2,0] orientation. The ratio of {1,1,-2,0} faces to the 
area of the substrate surface does not exceed 10 percent. 

(5) A substrate in which there are plural undulations extending roughly in parallel on the substrate surface upon 
which the silicon carbide precipitates. These undulations have a centerline average roughness ranging from 3 to 
1 ,000 nm. The inclined surfaces of the undulations have slopes ranging from 1 • to 54.7° . The substrate is hexagonal 
silicon carbide, and the normal axis of the surface is the [0,0,0,1] orientation. The ratio of {0,0,0,1} faces to the 
area of the substrate surface does not exceed 3 percent. 

In the substrates of (2) to (5), the shape of the adjacent portions of the inclined surfaces is desirably curved in the 
cross-section perpendicular to the direction in which the undulations on the substrate surface extend. 
[0035] The silicon substrate subjected to undulation-processing may also be the substrate described in Japanese 
Unexamined Patent Publication (KOKAI) No. 2000-178740. The substrate described in Japanese Unexamined Patent 
Publication (KOKAI) No. 2000-178740 is provided with plural undulations extending in parallel in a single direction on 
part or all of the substrate surface. More specifically, for example, the spacing of the tops of the undulations on the 
substrate surface is equal to or greater than 0.01 micrometer and equal to or less than 10 micrometers, and the differ- 
ence in height of the undulations is equal to or greater than 0.01 micrometer and equal to or less than 20 micrometers 
Further, the slope of inclined surfaces on the undulations may be equal to or greater than 1 " and equal to or less than 
55°. Further, this substrate may be (1) single crystal SiC, on which the substrate surface is (001) face and undulations 
extending in parallel with the [110] orientation are provided on its surface; (2) single crystal 3C-SiC on which the 
substrate surface is (001 ) face and undulations extending in parallel with the [1 1 0] orientation are provided on its surface 
(2); or (3) hexagonal single crystal SiC, on which the substrate surface is (1 ,1 ,-2,0) face and undulations extending in 
parallel with the [1 ,-1 ,0,0] orientation or the [0,0;0,1] orientation are provided on its surface. 

[0036] For example, photolithographic techniques, press processing techniques, laser processing ultrasound 
process.ng techn.ques, and grinding processing techniques may be employed to form undulations of the above-de- 
scribed shape on the substrate surface. 

[0037] In the manufacturing methods of the present invention, a thick silicon carbide (for example, 200 micrometers) 
is formed by epitaxial growth on the layer to be separated. When a silicon substrate that has been processed to impart 
undulations such as those described above is employed as the first single crystal substrate, the thicker the silicon 
carbide formed thereover, the greater the effect of eliminating planar defects. Thus, separation of the substrate is 
facilitated and, following separation of the growth layer from the substrate, it is possible to obtain a high-quality single 
crystal SiC substrate in which planar defects have been eliminated. 

[0038] The methods of the present invention permit the reuse of the first single crystal layer reducing cost 
[0039] The single crystal substrates comprising a second single crystal layer that are obtained by the first through 
third manufacturing methods of the present invention may be employed as the first substrate and the first through third 
manufacturing methods of the present invention repeated again to manufacture single crystal substrates 
[0040] By repeating the step in which the growth layer is employed as the base substrate in this manner, the cumu- 
lative film thickness of silicon carbide can be increased, and as a result, high-quality silicon carbide can be obtained 
in which the density of planar defects in the silicon carbide has been further reduced. Further until now since the 
meltrng point of the silicon in the base substrate has been lowerthan the melting point of silicon carbide, the temperature 
at which silicon carbide has been grown has been limited to equal to or less than 1 ,400°C. In general it is consider 
that the higher the temperature at which silicon carbide is grown, the better the quality of the product obtained By 
using the single crystal substrate containing the second single crystal layer obtained by the first through third manu- 
factunng methods of the present invention as the first substrate, it is possible to employ a silicon carbide substrate as 
the base substrate. This permits the growth of high-quality silicon carbide substrates in a high temperature environment 
without temperature limitation. 

[0041] In the present invention, it is possible to repeatedly form a fracture layer, void layer, or porous layer (collectively 
referred to hereinafter as a "fracture layer") and second single crystal layers. In this case, growth of single crystal layers 
and formation of fracture layers are repeatedly conducted, such as: single crystal layer - fracture layer - single crystal 
layer - fracture layer, and the like. Finally, the individual fracture layers are sequentially or simultaneously cut to obtain 
plural substrates comprising single crystal layers at once. 

[0042] Since repetition increases the cumulative layer thickness, the higher the layer, the fewer the defects in the 
single crystal substrate obtained. Further, since plural single crystal substrates can be obtained at once from a single 
first substrate, the first substrate need only be used a few times, which is advantageous to mass production 
[0043] The present invention will be described in greater detail below through examples. 
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Example 1 

I0044] Themefrodlnwhichaporo^^ 

was thickly formed on the surface thereof ^^f^^Zmi on the (001) face of a six-inch Si substrate. 
[0045] First, a 3C-SiC (200 ™cro™*ers m th ckness) I ayer wa ^ ^ g su 

LPCVD method was employed to form the 3C S.C 1 he gr ^ ^ carbonjzat|0n step , the 

carbonization step and a 3C-SiC growth ^ ^.gQ ^ ^QoQ ^J i 20 min in an acetylene atmosphere. Following 
substrate was heated from room temperature to J 000 Vo 1 400 c ove djcn|orosilane and acetylene at 1,000 to 

conditions in the 3C-SiC growth step. 



Carbonization temperature 


1 ,000 to 1 ,400 □ 


Acetylene flow rate 


1 0 to 50 seem 


Pressure 


20 to 90 mTorr 


Period of temperature increase 


30 to 120 min 



Growth temperature 


1 000 to 1 ,400 °C 


Gas supply method 


Alternate feeding of acetylene and dichlorosilane 


Acetylene flow rate 


1 0 to 50 seem 


Dichlorosilane flow rate 


1 n to 500 seem 


Interval of feeding each gas 


1 to 5 sec 


Feeding time of each gas 


1 to 5 sec 


Maximum pressure 


1 00 mTorr 


Minimum pressure 


1 0 mTorr 
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in the same manner, permitting splitting of the substrate because the fracture layer was extremely weak Further 
instead of a water jet, when wet etching by immersion of the sample in melted KOH is employed, the porous layer is 
selectively etched away from the side at an etching rate overwhelmingly faster than that of the single crystal portion 
permitting the splitting of the substrate (Fig. 3). M ' 

[0049] For comparison, a diamond wire saw was used to directly slice single crystal 3C-SiC by the conventional 
method. Since a cutting allowance of 500 micrometers was required, the substrate thickness was 1 mm on 3C-SiC 
growth. Cutting of the 3C-SiC wore down the diamond wire saw considerably, and the wire had to be replaced Further 
unusable CUtt " 19 a "° WanCe f ° r the 3C " SiC substrate was 500 micrometers, half of the 3C-SiC grown to 1 mm was 

Example 2 

[0050] 3C-SiC was first formed on the (001 ) face of a Si substrate. The silicon carbide was formed by LPCVD method 
Growth of 3C-SiC was divided into the step of carbonizing the substrate surface and the step of growing 3C-SiC bv 
alternately feeding source gases. In the carbonization step, the substrate was heated from room temperature to a 
temperature ranging from 1,000 to 1,400»C over 120 min in an acetylene atmosphere. Following the carbonization 
step, the substrate surface was alternately exposed to dichlorosilane and acetylene at 1 ,000 to 1 400°C and 3C-SIC 
was grown. Table 1 above aives the SDecificconriitinnsnftho^ a rhnni,oti^„^ — -r„u. _., 
conditions of the 3C-SiC growth step.' ^..^a... , auic , ^ ulves ine specmc 

[0051] Hydrogen ions were implanted into the surface of the 3C-SiC substrate obtained. The ion implantation was 
conducted at 200 KeV at 1 x 1 o« cm* An ion implantation layer was thus formed at a depth of about 2 micrometers 
from the sample surface. 

[0052] 3C-SiC was epitaxially grown on the sample surface. The thickness of the 3C-SiC was 500 micrometers 
Since the sample was exposed to a high-temperature environment during growth, formed in the ion implantation layer 
was a depletion layer in which minute holes with a diameter of several nm to several tens of nm were formed at a 

? nS J? °Jo£ l£ 1 °L SamP ' e WaS readHy ° Ut at the depletion la y er formed ' vieldin 9 a six-inch, 500 microm- 

eter-thick 3C-S.C substrate. The sample was cut at the depletion layer by the same method used to cut the substrate 
at the porous layer set forth above. 

[0053] Although a thickness of about 1 0 micrometers was required as a cutting allowance, this value was extremely 
low relative to the cutting allowance required by a diamond wire saw. 

Example 3 

l?' S]C W3S 9r ° Wn t0 3 thickness of 200 micrometers on a Si substrate subjected to undulation-processinq 
[0055] The undulation-processing was conducted as follows. 

[0056] Abrasive was rubbed in parallel to the [1 1 0] orientation on the substrate surface in an attempt to manufacture 
a substrate with undulations formed in parallel to the [110] orientation. Commercially available diamond slurry about 9 
micrometers in diameter (Hipress made by Engis) and commercially available abrasive cloth (M414 made bv Enaisl 
were employed as the abrasives. The cloth was uniformly impregnated with diamond slurry, a Si (001 ) substrate was 
placed on a pad, and while applying a pressure of 0.2 kgW to the entire Si (001 ) substrate, it was moved about 300 
imes back and forth a distance of about 20 cm overthe cloth in parallel with the [1 1 0] orientation (unidirectional abrasive 
treatment). Countless abrasive scratches (undulations) parallel to the [110] orientation were formed on the Si (001) 
substrate surface. v ' 

[0057] Since abrasive grits and the like adhered to the surface of the Si (001 ) substrate that had been subjected to 
unid.rectional abrasive treatment, it was washed with an ultrasonic washer, subsequently washed with a mixed solution 
(1:1) of hydrogen peroxide in water and sulfuric acid, and then washed with HF solution. After washing a thermal 
oxidation film was formed to a thickness of about 1 micrometer on the undulation-processed substrate under the con- 
ditions indicated in Table 3 with a heat treatment device. The thermal oxidation film that was formed was removed with 
diluted hydrofluoric acid. In addition to the desired undulations, numerous fine spike-shaped irregularities and defects 
were present on the substrate surface, greatly compromising its use as a growth substrate. However, by forming another 
thermal oxidation film to a thickness of about 1 micrometer, and removing the oxidation film anew, the substrate surface 
could be etched to about 2,000 Angstroms to obtain extreme^ smooth undulations on which fine irregularities were 
removed. Although observation of the wavy cross-section revealed wavy irregularities of unstable and nonuniform size 
they were highly dense. The undulations were always continuous. The grooves were 30 to 50 nm in depth and 1 to 2 
micrometers in width, with a slope of 3 to 5°. 
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Thermal oxidation condition . 


Equipment 


Atmospheric pressure heat 
treatment furnace (hot wall type) 


Temperature 


1 ,000 to 1 ,200°C _ 


Oxygen flow rate 


1 to 5 slm (1 00 to 1 ,000 seem steam) 


Diluting gas (argon) flow rate 


1 to 5 slm 


Processing time 


3 hours 



<5ir surface was anod zed to torm a pomua 

(0068) Following If. und U lation-proees,,ng>e3C-S, Sj^STSo micrometers in thiekness was termed en the 
ion eenditions were identioal to these ,n Example 1 A pome to£ ^ ^ ^ 600 

0060] The 3C-SiC was exposed to me ^ "^j^S^ ^ and planar defects (twins, ARBs) over the entire 
microscope. There were 250 etch pits m rock ing eurve (XRD) was also conducted ,n the 

six-inch surface, or 1 .38/cm*. Polar obse rvatK>n y J* of tne signal intensity in the [115] plane 

3C-SiC [111] orientation, and the twin *" 8 ^*"^X He [111] plane orientation of a normal single crystal 

SST Sen through the porous ,ayer, the effects of an unprocessed substrate could b e obtained in the 
growtn layer, and a high-qua.*y 3C-SiC ^ b ^ n ^^Zn- 9 rocesse6 substrate wrthout forming a layer with 
[0062] Conventionally, when 3C-S.C was grown on an un ^'™ P apd tne owth layer . Alternatively, the use of a 
Leal mechanical strength, it was "mm o whTc 500 micrometers was deleted as a cutting 

Example 4 

[00 63] Emp.oy.ng the six-inch SC-SiC substrate 500 ~ ^^^^^^^^ 
. ^^^^ 

porous layer, yielding a 3C-SiC substrate 200 ^^^eTc-SiC had a cumu.ative film thickness of 700 
£>065] The subsequent* 9^^^^,^^,^^ that were grown). 
„ micrometers (with the portion of 500 to 700 m.c omel ws in i calcu lated as follows. 

' 5 [0 066] The etch pit density and twin density o ^the 3C^C obtained w ^ ^ fay 

[0067] The 3C-SiC was exposed to me ™ n £ and planar defects (twins, APBs) over the entire 
microscope. There were 240 etch pits m the ^ * ™ n rock i ng curV e (XRD) was also conducted m the 

six-inch surface, or 1 .SS/cm*. Po ,ar obse rva^on r J Q of tne signal intensity in the [115] plane 
50 3C-SiC [111] orientation, and the twin dens.ty was ca culated from the ^ & ^ c ^ 

SErXEXl ITJXVX^ I or less \L 4,10^ -me percent, wh,ch was a 
S^comUn.-etchpitdensityan^ 

So^ 
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^rTr m, ? ' T \ ° bservation ^ X - ra V diffracti ° n rocki "9 curve (XRD) was also conducted in the 

3C-S C [111] orientation, and the twin density was calculated from the ratio of the signal intensity in the [115] plane 
orientation corresponding to twin planes to the signal intensity in the [111] plane orientation of a normal single crystal 
surface. As a result, the twin density was found to be 2 x 1 0-3 volume percent 

[0070] When evaluated by TEM, the planar defect density was high, 2 x IG^W. It was found that, despite being a 
silicon carb.de substrate of the same 200 micrometers in thickness, the silicon carbide substrate that was grown to a 
thick cumulative film thickness had an extremely low surface defect density. 

[0071] According to the methods of the present invention, it is possible to readily separate a silicon carbide substrate 
from a growth base substrate, permitting the manufacture of large surface area silicon carbide substrates with low 
defect densities. Further, according to the methods of the present invention, it is possible to obtain a silicon carbide 
substrate of even lower defect density by formation to greater thickness. 



1 . A method of manufacturing a single crystal substrate comprising the steps of: 

forming a fracture layer over all or at least a portion of Qne o1 the princJpa , surfaces of a first Substrate . 
forming a second single crystal layer over the fracture layer on the first substrate- and 
cutting at the fracture layer formed on the first substrate to separate the second single crystal layer from the 
first substrate and obtain a single crystal substrate. 

2. A method of manufacturing a single crystal substrate comprising the steps of: 

forming an ion implantation layer by implanting ions into all or at least a portion of the surface of one of the 
principal surfaces of a first substrate; 

forming a second single crystal layer on the ion-implanted principal surface 

heating the composite substrate obtained to form a void layer by forming voids in the ion implantation layer 
formed on said first substrate; and 

cutting said first substrate at said void layer to separate the second single crystal layer from the first substrate 
and obtain a single crystal substrate. 

. A method of manufacturing a single crystal substrates comprising the steps of: 

sutetrate^ an ° diZati0n 3 P ° r0US ' ayer ° n a " ° r at least a P° rtion of one of the Principal surfaces of a first 
forming a second single crystal layer on said porous layer of the first substrate- and 

cutting said first substrate at said porous layer to separate the second single crystal layer from the first substrate 
and obtain a single crystal substrate. 

- The method of manufacturing according to any of claims 1 to 3, characterized in that the first substrate consists 
of single crystal silicon carbide, and the second single crystal layer is a single crystal silicon carbide epitaxialhy 
grown while inheriting the crystal orientation of the first substrate. 

. The method of manufacturing according to any of claims 1 to 3, characterized in that the first substrate is a single 
crystal silicon substrate, and the second single crystal layer is a single crystal silicon carbide obtained by epitaxial 
growth while inheriting the crystal orientation of the first substrate. 

The method of manufacturing according to any of claims 1 to 5, wherein the second single crystal layer has a 
thickness equal to or higher than 50 micrometers. Y 

The method of manufacturing according to any of claims 1 to 3, characterized in that the first substrate is either 
a silicon substrate in which one of the principal surfaces thereof has been subjected to undulation-processing or 
a sihcon carb.de substrate obtained by epitaxially growing silicon carbide on a silicon substrate in which one of 
the pnncpal I surfaces thereof has been subjected to undulation-processing, and the second single crystal layer is 
silicon carb.de obtained by epitaxial growth while inheriting the crystal orientation of the first substrate. 

A method of manufacturing a single crystal substrate, wherein the method according to any of claims 1 to 3 is 
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conducted employing a single crystal substrate comprising the second single crystal layer which is a substrate 
manufactured by the method according to any of claims 1 to 3. 

A product obtainable by a process according to any of claims 1 to 8. 
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Fig. 1 
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Fig. 2 



Water-jet 



Homoepitaxial layer 
(second single crystal layer) 

Porous layer (fracture layer) 



Growth base substrate 
(first substrate) 



Fig. 3 



Homoepitaxial layer (second single crystal layer) 




Growth base substrate 
(first substrate) 
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